Abstract. We discuss future experimental work proposed to study the performance of a cylindrical dielectric wakefield accelerating structure as a coherent Cerenkov radiation source at the Neptune laboratory at UCLA. The Cerenkov wakefield acceleration experiment carried out recently by UCLA/SLAC/USC, using the ultrashort and high charge beam (Q = 3 nC, z = 20 micron) at the SLAC FFTB, demonstrated electromagnetic wakes at the few GV/m level. The motivation of our prospective experiment is to investigate the operation of a similar scenario using the comparatively long pulse, low charge beam (Q = 0.5 nC, z = 200 micron) at UCLA Neptune. The field amplitude produced in this setup would be one to two orders of magnitude lower, at the few tens to few 100 MV/m level. Such a decelerating field would extract a significant amount of energy from a low-energy beam in a distance on the order of a few centimeters, allowing the use of short dielectric structures. We discuss details of the geometry and composition of the structures to be used in the experiment. We also examine the possibility of a future dedicated facility at UCLA Neptune based on a hybrid photoinjector currently in development. The intrinsic bunch compression capabilities and improved beam parameters ( z = 100 micron, Q = 1 nC) of the photoinjector would allow the creation of a high power radiation source in the terahertz regime.
INTRODUCTION
The concept of the beam-driven dielectric wakefield accelerator has been studied in depth in recent years. It is an attractive alternative to a plasma afterburner because of reduced infrastructure requirements and its immunity to possible ion motion problems. [1] The wakefields produced as coherent Cerenkov radiation (CCR) by the drive bunch are promising as a source of high-power terahertz radiation, and this avenue is explored in this paper. Here we present plans for future experimental work implementing a cylindrical dielectric wakefield accelerating structure as a high-power terahertz radiation source at the Neptune Advanced Accelerator Research Laboratory at UCLA.
Researchers at Argonne National Laboratory have done extensive experimental and theoretical investigations [2, 3, 4] of dielectric wakefield accelerators in a cylindrical geometry, using bunch lengths on the order of a few millimeters and tube diameters on the order of a few centimeters. These parameters produce coherent radiation with wavelengths on the order of centimeters. The dielectric tubes are considered to be multi-mode structures in this context, as the electron bunch is much shorter than the fundamental wavelength and thus can coherently excite other harmonics. The experimental possibilities that we discuss here differ from their work in that we will consider smaller dielectric tube sizes and bunch lengths and so we are in a different wavelength regime with regards to the radiation produced. The structures we consider are single-mode, as the electron bunch length is not small compared to any harmonic wavelengths below the fundamental and thus can only excite the fundamental mode. In addition, our work will use lower bunch charge and much shorter dielectric structure lengths and thus will not be as effective in demonstrating an increase in beam energy due to wakefield acceleration.
The first beam-driven dielectric wakefield accelerator experiment operating with fields in the GV/m range was carried out by a UCLA/SLAC collaboration [5, 6] at the SLAC FFTB facility. The primary goals of this experiment were to study the electric breakdown threshold of the dielectric structures and verify the achievable wakefield magnitude. Several dielectric structures were exposed to varying beam energies and numbers of shots, and the condition of the structures investigated afterward. The breakdown limit was exceeded in many of the structures, but it was observed that they can withstand quite high levels of field without breaking down. The experiment was not able to measure the increase in beam energy due to the wakefields, as the predicted energy increase was approximately 10 MeV and thus was not resolvable in the several GeV energy spread of the beam.
The primary motivation of our proposed experimental work is to investigate the performance of the cylindrical dielectric wakefield accelerator structure as a source of coherent radiation in the terahertz regime. We plan to use the beam currently in operation at the Neptune. There exists the possibility of the future installation of a hybrid photoinjector at Neptune. [7] The hybrid photoinjector is a combined 1.6 cell S-band standing-wave RF photoinjector and traveling-wave accelerating structure and has intrinsic bunch compression capabilities which would produce a higher-current beam than the present system. The nominal beam parameters for both the present Neptune setup and the future hybrid photoinjector system are shown in Table 1 .
Simulation results and preliminary calculations indicate that structures with correctly chosen geometry produce CCR in the terahertz regime at power levels quite high in comparison to those of currently available sources. There are several applications [8, 9] for terahertz radiation in experimental science. In addition, commercial entities are in need of terahertz sources for modern imaging applications.
THEORY AND SIMULATION
A beam-driven dielectric wakefield accelerator consists of a uniform cylindrical dielectric tube with a cladding on the outside to ensure reflection of the wakefields, as diagrammed in Figure 1 . As the beam travels through the center of the tube along the axis at near the speed of light its electric fields radiate in the dielectric as Cerenkov radiation. These wakefields propagate in the dielectric at the Cerenkov angle behind the beam, striking the cladding on the outer wall of the tube and reflecting back toward the axis where they can accelerate trailing particles. The magnitude of the accelerating wakefield produced in the dielectric structure is given approximately by the simple formula
where N b is the number of electrons in the bunch, r e is the classical electron radius, c is the speed of light, z is the RMS bunch length, a is the inner radius of the dielectric tube, and is the relative permittivity of the dielectric material. This heuristic formula does not take into account the finite wall thickness of the dielectric, but gives satisfactory agreement in our regime. Previous work of Gai and Rosing [3] contains an extremely rigorous analysis. The wavelength of the fundamental mode excited in the structure, as well as its harmonics, can be approximated by the formula
where n = 1, 2, 3… is the mode number and b is the outer radius of the bulk dielectric material. The energy in each spectral line is approximately proportional to n up to a roll-off wavelength n 2 z . [6] The particle-in-cell code OOPIC Pro † was used to obtain a preliminary picture of the expected results, focusing on the characteristics of the produced CCR and the magnitude of the longitudinal accelerating field. The code also monitors the average energy of electrons in the bunch over time, giving a rough gauge of the energy the bunch loses to CCR as it traverses the length of the dielectric tube that can be compared to theory. The beam parameters used in the simulations are shown in Table  1 , except for the charge in the present Neptune case, which is set at an optimistic 1 nC in OOPIC. This higher charge value should be achievable after some planned improvements to the system in the near future, including the installation of a new drive laser master oscillator. Parametric scans were conducted with OOPIC, with the purpose of gaining a picture of how the peak accelerating field and wavelength of emitted radiation change as the tube geometry is varied. In one scan, the inner radius of the tube was held constant as we varied the wall thickness, monitoring the wavelength of emitted CCR. In another scan, the wall thickness was held constant as we varied the inner radius, monitoring the field amplitude. The results of these scans, along with theoretical data for comparison, are shown in plots in Figure 2 . The spectral composition of the produced radiation was calculated by taking the discrete Fourier transform of the longitudinal electric field along the axis of the cylindrical dielectric structure. The plots obtained from the Fourier transform show distinct spectral lines clearly indicating the position of the fundamental mode and showing the suppression of higher-frequency modes due to the single-mode nature of the geometry. Representative plots of the accelerating field magnitude from OOPIC and corresponding frequency spectra are shown in Figure 3 , for beam parameters corresponding to both the present Neptune case and the hybrid photoinjector.
EXPERIMENTAL CONSIDERATIONS
One of the primary experimental concerns is the geometry of the dielectric tube. This includes the choice of inner and outer diameters as well as the length of the tube. As detailed in the analysis in the above section, the inner and outer diameters of the tube determine the wavelength of the CCR emitted. This is central to our experimental goal of producing radiation in the terahertz regime. This requirement, along with our beam parameters and sensitivity of signal detection apparatus, governs the possible combinations of inner/outer diameters that we may choose. The thickness of the wall of the dielectric tube must be such that the wavelength corresponds to a terahertz-range frequency according to Eq. 2. At the same time, the inner radius of the tube must be several times larger than the RMS beam radius so that the beam can pass through without the beam halo damaging the dielectric material. A final-focus system based on permanent magnet quadrupole focusing is already in place at UCLA Neptune. [10] We intend to utilize this existing infrastructure, placing our dielectric tube structure at the interaction point of this system. The system is capable of focusing the beam spot to a RMS size of ~ 40 μm with an emittance of ~ 10 mm-mrad. We choose some nominal dimensions for the dielectric tube, summarized in Table 2 , expected to produce interesting results while allowing the beam to pass through reasonably well. Simulating this choice of tube geometry in OOPIC with a beam charge of 0.5 nC yields ~ 75 μJ of CCR at a wavelength of ~ 650 μm and a peak accelerating gradient of ~ 30 MV/m, over a 1 cm length of tube. This translates to a peak radiated power of ~ 1 MW. In the case of the hybrid photoinjector, with a beam charge of 1 nC, these numbers improve to ~ 1.5 mJ at a wavelength of ~ 450 μm and a peak accelerating gradient of ~ 180 MV/m, over a 1.5 cm tube length. This gives a peak power of ~ 15 MW. The detectability of the emitted radiation is an important consideration. Our wavelengths of interest as well as radiated power values are within the spectral range quoted by many commercial manufacturers of golay cells and pyroelectric detectors.
The emitted CCR will have about 3 times the intensity of coherent transition radiation produced as the beam passes the tube end, which is a tolerable signal-to-noise ratio. This ratio can be improved with the use of band-pass filters due to the broadband characteristics of the transition radiation, as opposed to the localized lines of the CCR spectrum. [6] The amount of CCR arriving at the detector will be increased by placing a launching horn, such as those used with microwave antennae, immediately following the dielectric tube, as seen in the diagram in Figure 1 .
The aforementioned breakdown study experiment undertaken at SLAC FFTB [5, 6 ] made use of a conductive cladding (aluminum) on the outside of the dielectric tube structures. The purpose of this cladding was to provide complete reflection of all wakefields back toward the tube axis. Difficulty with this technique arose when it was observed that the electron beam vaporized the aluminum cladding in most cases. We now believe that a dielectric cladding of different refractive index would provide the necessary reflection while withstanding higher fields than the aluminum. This possibility will be explored in the implementation of our experiment.
